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SUMMARY

Flight measurements have been made to detemnine the lq+peed flying
qualities of an a5rplqne having a wing swept back 35° at the qusrte~
chord line. The latersl and dtiectionsl stabili~ and control character-
istics of the a3@_ane without slots and with 8&yercent-span slots on
the wing me presented. Also included sre meamzmments of the longi–
tudinel stability, stal15ng, and lift chmacteristics with 8&percent–
span slots. Tests were made both with and without a ventral-fin
extension on the airplane.

The tiectionsl stability of the a&@ane as measured in steady
sideslips by the vsriation of rudder angle with sideslip a@e was
positive with or without slots and with the flaps u~ or down at all.
test speeds. A decrease in d3zectional stalflity occurred with decrease
in speed. A part of the decrease in stability with speed was due to the
unstable yawing mments caused hy the lmge aileron deflections required
for trim in steady sideslips at low speed. Remmhg the ventrsl-fin
etiension reduced.the Wectional stability with the greatest reduction
occurring at high normal-force coefficients or low speed. The pilot
considered the airplane more dMficult to fly with the reduced
directional stability because in maneuvers inadvertent sideslippin.g
occurred more easily and the sideslip ‘anglesreached were higher. At
low speed where the dihedral effect was high, lsrge lateral trim changes
accompanied the changes in sideslip.

A lsrge increase in dihedrsl effect occurred with increase in normal-
force coefficient. With the 80-percent-span slots on the wing and the
flaps up, slight negative stick-fixed dihedral eff~ct was present below
normal-force coefficients of approximately 0.30 and negative stick-free
dihedrdwm present below norti-force coefficients of approximately 0.56.
The pilot considered the negative,dihedrel more objectionable than the
high positive dihedral present at high normal-force coefficients. The
negative dihedral was objectionable because in rough air or in maneuvem
involving changes in sideslip the response of the a3rplane was illogical.
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2 NACA ~ NO ● 1743

The comldnation of high yositive dihedral present at luw speeds and
negative dihedral present at high speeds was particularly objectionable
to the pilot lecause he could not become accustomed to either condition.
The agreement between the-flight.and wind-tumnel measurements of dihedral
effect was good for the w3ng with the slots and fti for the wing
without the slots. The ~-tunnel data showed a large ticrease in
dihedral effect with ticrease in Reynolds nmiber for the wing without
slots.

Lateral and directional oscillation of the ahplane were satis-
factorily demped even with the low directional stability present when
the ventral-fin extension was off.

The maximum values of wing-til helix angle reached in rudder-fixed
afleron roU were low. For a given aileron deflection a marked decrease
in madmum win@i2 helix angle occurred tith decrease in speed because
of the increase in dlh.edraleffect and the l@her sideslip angles
reached in rolls at low speed. At 110 miles per hour with the flaps
down, the high dihedral effect caused reversal of rolJlng velocity in
left rolls.

The longitudinal stability witi the 80-percent-span slots on the
wing and the flaps up was high throughout the speed range. With the
flaps down the longitudinal stability was high,at moderate speeds, but
near the stall.the stability became neutral or sligltly negative.

The sta~ng characteristics of the akplane were good with the
flaps up or down when the 8&percentipan slots were on the wing. At ‘
the stall the aiqlane oscillated about all three axes. The attitude
changes of the airplane were small during these oscillations and
recovery from the stall could be made easily. With the ventral-fin
extension removed, the amplitude of the oscillations at ‘the stall.
increased rapidly.

IXTRODUCTIOH

h order to study the effects of sweepback on the low-speed flying
qualities of an airpti, a flight investigation has been made at the
_eY ~boratoq tith m a&@ans having a wing swept back 35° at the
qmrte=hord line. Measurements were made of the lateral, directional,
and longitudinal stability and control characteristics and the stalling
characteristicswithout slots on the wing and with slots along 40 percent -
and 80 percent of the spm of the sweptback wing panelE. The results
of an investigation of the lateral and directional stability and control
characteristicswith the ~ercentipan slots on the wing have been
reported in reference 1. Reference 2 reports the results of an investi–
gation of the longitudinal stability and stalling characteristicswithout
slots and also with @percent+ pan slots.
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This paper presents the lateral and tiectionsl stabili~ and
control characteristicswithoti slots and with 8&percemt+pan slots
and the longitudinal stabD.ity, stalling, ~ lift characteristicswith

the 8&percent-span slots on the wing. A--scale model of the a&@me

was tested
possible a
included.

4.5
in the Langley 300 MPH 7- by l~foot tunnel and wherever
comparison of-tiieflight ti wind-tunnel
The results of the w3nd-tunnel

SYMBOIS

rol.ling+mnent coefficient

normal-force coefficient

yawing+nme nt coefficient

rate of change of yam +mment
sideslip angle (dC~dJ3)

elevator stick force, pounds

wing-tip helix angle, radians

tests are
meawmements is
reported in reference 3.

coefficient with

impact pressure, hches of water

Reynolds mmiber

effective Reynolds mmiber ‘

calibrated airspeed, miles per hour

angle of attack of thrust @s, de&ees

total.aileron angle, degrees

rudder emgle, degrees

sideslip angle, degrees

@ of yaw, degrees

Subscript:

mcz mamlmln,
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4 mcA mNoo 1743

The airplane tested.had a wing with a stiaight center penel and
outer wing panels which were swept back 35° at the qusx’te=hord line
(38.7° at the leading edge). A three=view drawing of the airplane is
shown in figure 1 and general MmemsioDs are listed in table I.
Figures 2 and 3 sre photographs of the test airplane.

The 80-percent-spen slots which were on the airplane for some tests
extended from 20 yercent of the semiqan of the sweptback wing panels to
the wing tips. A cross section of the slot and the forwsrd part of the
wing in a @ane normal to the wing leading edge is shown in figure k.
Some flights were made with the lwge ventral-fin extension shown in
figure 3 remmed from the akplane. Figure 5 is a photograph showing
the test airphne without the lmge ventral-fin extension. The main
landing gear of the airplane could not be retracted but the nose gesr
was retractable. The variations of elevator angle and aileron angle
with stick+gil yosition we shown in figwes 6 and 7, respectively.
Figure 8 shows the mriat ion of rudder angle with right-rudder-pedal
position.

~ION

The follcnringinstruments were installed in the dr@ane :

EACA instrument

Timer

Mspeed recorder

Control-positionrecorders

Control–force recorders

Sideslip+ngle recorder
indicator

Recording accelerometer

~velocity recorders

Angl=f+ktack recorder

l&nillimeter cameras

Measmed quantity

.

Time (for eynchronlzhg all records)

Mrsyeed

Aileron, rudder, and elevator poaitio~

Stick and pedsl forces

Sideslip engle

Normal, longitudinal, and transverse
accelerations

Titching, rolling, and yawing
velocities

Angle of attack

Tuft studies

-._.—— ..— —.-—- ._
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. NACA TN No. 1743 5

The instelU%tions for measuring atis~eed, sidesli~, and angle of
attack are described in references 1 and 2. Airspeed as used in this

b paper is calibrated airspeed, which corresponds to the reading of a
standard _=avy &speed meter connected to a pitot+tatic system
free from yosition error. Elevator, aileron, and rudder positions were
measured at the control surfaces.

TES1’S,RIHJECS, AND DZS=ON

The tests reyorted herein include measurements of the laterel and
dtiectionel stability and control characteristicswithout slots and
with 80-percent-sp= slots and measurements of the longitudhal stabili~,
stalling, and lift characteristicswith 80=percentipan slots on the
wing. For the airplane with 8&percent-span slots on the wing, flights
were elso made without the ventral-fin extension on the a3r@ane.

.

All tests were made with the engh Idling. The @ landhg gesr
was fixed. The nme geer was extended for the flaps+lown tests and
retracted for the flaps+q tests. Difficulty was eqerienced in
determiminn the emount of fuel consumed h flight and therefore the
cente~f+gavity locations given are believed accurate to only *O.7 percent
mean aerodynamic chord.

\

Static Lateral and Directional StaMlity

The static lateral and Uectional stabili~ characteristicswere
measured in steady sideslips at various speeds with the flaps up and
down. The data for the test afiplane without slots on the wing are
shown in figure 9 for the flaps=up condition and in figure 10 for the
flaps-duwn condition. The.data for the dqhm tith 80-percent+p~
slots are shown in figure I-1for the flaps.+p condition and in figure 12
for the flap=own condition.

The tiect ional.stability of the airplane was positive with the
flaps up or down at all test speeds. Aa eqected, the addition of slots
had no appreciable effect on the directional stabili~. b figure 13 “
the slopes of the curves of rudder angle against sideslip angle d~/d~

fr& figures 9 to 12 sre plotted as a function of normal-force coefficient.
The values of ~/dP were measured at zero sideslip. Figwe 13 shows

that the dbectional stability of the atiplezm as measured by dq/t@
is lowest at high normal-force coefficients or low speeds. A pert of
the decrease in d~/M which occurred at high normal-force coefficients

is due to the umstalle yawing moments caused by the large aileron
deflections reqtied for tr~ ti steady sideslips.

—— —z ___ _
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show
The curves of aileron
that a lsrge increase

normal-force coefficient.

an@e against sideslip angle in figures 9 to 12
in dihedral effect occurred with increase in
This effect canbe seen more readily in

figures 14 and 15, where the variation of aileron angle with s&slip
angle dba/d~ is plotted sgainst normal-force coefficient C~. Figure 14

is for the flaps-up condition and figure 15 is for the flaps+lown
condition. The values of dba/~ were measured at zero sideslip. At a
given normal-force coefficient, the addition of slots to the wing caused
a reduction in dihedral effect except at high normal-force coefficients.
The reduction in dihedral effect result= from the slots my be attri@ted
to the increase in engle for zero lift over that part of the wing spanned
by the slot. Since the idoard psrt of the wing is unslotted, the wing
is effectively washed out when~e outboard part of the wing is slotted.
With the &l-percent+pan slots on the wing and the flaps up, figure 14
shows that the stick–f-d_d3hedral effect was sk@Kly negative below
normal-force coefficients of approximately 0.30 emd fi~e U shows
that the stick-free rlthedraleffect was negative below normal-force
coefficients of approximate~ 0.56. The pilot considered the negative
dihedral.present at low normal-force coefficients more objectionable
than the high positive dihedral present at high normal-force coefficients.
The negative dihedral was objectionable because in rough ah or in
maneuvers involving changes in sideslip the response of the airplane
was illogical. The pilot considered the cauibinationof high positive
dihedral at low speed and negative ~dral at-high syeed.particul.arly
objectionablewhen occurring in the same airplane because he could not
become accustomed to either condition.

In order to obtain flight measurements of dihedral effect which
would be directly comparable with the results obtained in the wind-tunnel
tests, flights were made tiththe airplane asymmetrically loaded. ~

~ sideslips with the -d ~ti~cal-l.y loaded, the sideslip
angle requiredtob~ the Imownrollinnmment causedbythe
asyu.unelmicload could be detemined. These flights were made by using
gasoline frcmthe nose tank with one wing tank full and the other wing
tenk empty. This arrangement gave rolling moments about the center line
of the airplam of approximately 3200 foot-pounds. This rollingmment
is believed accurate to *300 footipounds. Sideslips were made at
vsrious speeds and at each speed sideslips were made with the down
rolling mment acting both to the right and to the left. Data, typical
of those obtained, are shown in figure 16. .

At the sideslip angles at which the aileron angle is 0° in figure 16,
the rolling moment due to the asymetric load is balanced by the rolling
mment due to sideslip. The variation of rolJ_ing~ nt coefficient with
sideslip angle was thus obtained at various normal-force coefficients and
these data sre shown in figure 17 for the &plane without slots and with
the flaps up, in figure 18 for the airplane with 8&percent+span slots

\ and with the flaps up, and in figure 19 for the airplane with the
8&percent-span slots and withthe fkps down. Figures 17 to 19als0

—.—_ ——_- .— . ..—. _.—— _._..._.,- .,. “.
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include the wind-tunnel results for comparison. The wind-tumnel data
presented include a correction for the rolling moment resulting from the
rudder deflection required for trim in sideslip and therefore me
directly comparable to the flight data. Yaw angle W is used rather
than sideslip angle ~ in figures 17 to 19 for convenience in @king
the camperison with the wired-tunnelresults. The yaw angle is numerically
equal to the sideslip angle but is of the opposite sign.

For the wing without slots and with the flaps up (fig. 17), wind-

tunnd data are presented for effective Re~lds nunders of 1.95 x 106

and 4.59 x 106. Increasing the Reynolds nuader greatly increased the
dihedral effect as measured in the wind tunnel, particularly at the

. .

l@3her normal-force coefficients. The wind-tunnsl data for an effective

Reynolds nuniberof 4.59 x 106 and the flight data ere in fW agreemnt.

The flight Reynolds nmiber veried from appro~tely 7 x 106 to u x 106.
With the 80-percent-span slots on the wing (figs. 18 and 19), the flight
and wind-tunnel measurements ere in good agreement with the flaps either
up or down, even though the wind-tunnel data were obtained at a Reynolds”

number of only 2 x 106.

A measure of the aileron effectiveness could be obtained from the
sideslips made wtth the &p@ asymmetrically loaded. h figure 16,
at a sitislip angle of 0°, the rolling moment due to the asymnetiic
load is balanced by the aileron deflections giyen. The change in
rolling+noment coefficient with change in total aileron angle, therefore,
could be obtatied. See f@me 20. Pigure 20 also ticludes data
obtained in the wind-tunnel tests with the 8&percen&span slots on
the a&plane model. The agreement.between the &lrectly comparable
flight and wind-tunnel data for the 8&percent+pan-slot configurateion is
excellent. For the wing without slots, the flight data show en apperent
increase in aileron effactiveness of appro~tely 20 percent. * has
previously been mentioned the rolling moments ere belie+ed accurate to .
only t10 percent end, therefore, a part of the appqrent increase in
aileron effectiveness my be caused by an error in the rolling moment.

Aa has previously been noted, the directional stabili@ characte~
istics of the test airplane were good. The wind-tunnel tests showed C

%
to be about 0.002 per degree with the flaps up. Severel proposed
sweptbacls+ing-airplanedesigms have considerably less &&ectional
stability than the test &plane. In order to find out what effects
luwer directional stabili~ would have on the handlbg qualities of the
test airplane, flights were made without the large ventral-fin extension
on the airplane. Figures 21 and 22 show the steady sideslip character-
istics of the @rplane without the ventral-fin extension for the flqs+p
and flaps-down conditions, respectively.

.—. .— .—.—.. —... –—.— .—. —— ____ __ _ ——-—-— —. —-- .— - —.. ....



8 IfACA~ NO. 1743

Removing the ventral-fin etiension reduced the Mrectional stability
throughout the speed range but the lergest reduction occurred at low
speeds or high normal-force coefficients. This reduction is shown
in figure 23 where the slopes of the curves of rudder angle against
sideslip angle d~/o from figures 1.1,12, 21, and 22 are plotted as
a function of normal-force coefficient. The values of d~/dB were
again measured at zero sideslip. At small angles of left sideslip at
low speeds, the rlirectionalstability was lower than at zero sideslip.
At 100 miles per hour with the flaps down (fig. 22(a)), slight directional
instability was present at small angles of left sideslip. A psrt of
the decrease in d&/d~ which occurred with increase in normal-force
coefficient as shown in figure 23 is agati due to the unstable yawing
moments caused by the lsrge aileron deflections reqtied for trim in
steady sideslips at low speed.

The pilot consideredthq airplane more difficult to fly with the
reduced directional stability because ti maneuvers ~dvertent sideslipping
occurred more easily and the sideslip angles reached”were larger. At low
speed where the dihedral effect was high, large lateral trim changes
accompanied the changes in sideslip. -

%ith
span
With

Dynamic Lateral and Dtiectional Stability

Reference 1 shows the oscillatory characteristics of the airplane
the ventral-fin etiension on to be satisfactory with the 4&percenl+
slots on the wing. The oscild-storycharacteristics of the airplane
the ventral-fti extension on were not investigated for the wing

without slots or.with 80+ercen&span slots since the effects of the
slots would probably be negligible.

The dynamic lateral.and tiectional stability characteristicswere
investigated for the airplane with the ventral-fin extension removed
and with the 80+ercent+pan slots on the wing by abruptly deflecting
and releasing the rudder and recording the resulting oscillation. Time
histories of these maneuvers sre presented in figure 24(a) for the flaps-
up condition at approxhately 160 miles per hour and in figure 25(a) for
the flaps-down condition at appoxhately 110 miles per hour. The
oscillation at ap~odmately 160 miles per hoyr (fig. 24(a)) was made
with the stick free. b the oscillation at approxhately 1.10miles per
hour (fig. 2~(a)) the pilot attempted to hold the stick fixed because
sufficient elevator trim tab was not available to trb the elevator stick
force to zero. The oscillations of the airplane were satisfactorily
damped at all speeds tested. The period of the oscillation was relatively
long, approximately 5 seconds. Fiwes 24(b) and 25(b) ere ttme histojies
of oscillations in which the pilot applied coordinated rudder and aileron
to damp the oscillations. The pilot could damp the oscillations easily
and had no objections to the oscillatory characteristics of the airplane.
For the airplane with the ventral-fin etiension off the period of the ,
oscillation was greater than for the airplane with the ventral-fin

.=.. .——.. ..
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extension on, hut the damping
of cycles to damp to one-half

of the oscillation in terms of the nuniber
amplitude was not changed appreciably.

9

Figure 26 shows t~ histories of left and right rudder kicks at
approxhately 225 miles per hour. These meneuvers were made by abruptly
deflecting and holding the rudder ftied h the deflected yositionwhil.e
the stick was free. Figure 26 shows the effect of the negative dihedral,
previously discussed: When the rudder is deflected to the right the
atiplane rolls to the left and when the rudder
the atiplane rolls to the right.

Lateral Control

is deflected to the left

The lateral.control characteristics of the atiplane were measured
by performing rudder-fixed ail.eronrolls at v=ious speeds wit+the
fkps UP and down. The data were evaluated in terms of the variation
of maxlmumwim-tip helix angle pb/ZV with change in total aileron
angle ma. Figure 27 presents the data for the aW@ane with 8&percent-

span slots on the wing. A few tests without slots on the wing showed’
the slots to have a negligible effect on the rolling characteristics
of the airplane.

At lk8 miles per hour with the flaps up, an aileron deflection
of 30° produced a mexlmmu wing-tip helix angle pb/2V of 0.045 radian
in a left rolJ_and 0.0k8 radian in a right roll. For a given aileron
deflection, a marked decrease inmexhmzm pb/2V occurred as the speed
was decreas6d because of the hcrease in ddhedrsl effect and the higher
sideslip angles reached in the rolls at low speed. Figure 28”ShUWS time
histories of left and right .aileronroKLs at 110 miles per hour with
the flaps down. Because of the high dihedrel effect present at 11.Omiles per
hour, the ro~ing characteristics of the airplane were osc~atoq and in
the left roll the rolling moment due to the high dihedral waE sufficient
to cause a reversal in rolling velocity.

I& using the dihedral+ffect data of figure 19, the reduction
in pb/2V due to the Mletial. effect could be calculated. Figwe 29
shows the calculated variation of maximum pb/2V with change in total

odCz o
aileron angle for zero dihedral effect — = for the airplane at

d~
110 miles per hour with the flaps down aniiwith 80-percentipan slots.
The flight data ere also included for comparison. The reduction
in pb/2V due to the dihedral effect in rudder–fixed aileron rolls
was approximately 40 percent at 110 miles per hour with ths flaps
d~ (fig. 29). f

—— . -———.. . -——.— .. .—--————-—— .. —..——. ——.— —~ -—z . . . . . . . . . .— .
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Static Longitudinal Stability
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Longitudhal-stability measurements with the 8@percent-syan slots
on the wing were made with the flaps up and down and a cente~f-gravity
location of a~p?ox5mately 27 percent mean aerodynamic chord. Figures 30
and 31 show the variation of elevator angle, elevator stick force, angle
of attack of the thrust axis, and sideslip angle with calibrated airspeed
for the flaps+p and flqs+kmn conditions, respectively. Figure 32 shows
the variation of elevator angle reg.uiredfor trim with normal-force
coefficient and figure 33 shows the variation of elevator stick force
divided by impact ~essure with normal-force coefficient.

With the flaps up the longitudinal sta%ility was high throughout
the speed range. With the flaps down the stalili~ was high at moderate
speeds but a large decrease in stability occmred a few miles per hour
above the stall and the stability was neutral down to the stall. After
the stall, sta%le pitching tendencies were again present as up elevator
was required to keep the airplane from pitching down. Tuft surveys
showed that with the flaps up, stalling occurred first at the wing root,
whereas with the flaps down, the =tial stall was fsrther out on the
wing. The increased staldlitynear the stall with flaps up was probably
caused by the decrease h downwash at the tail resulting from the wing–
root stall. The results obtained for the airplane with @yercent-span
slots on the wing are substantially the same as those re~otied in
reference 2 for the a&@ane without slots and with k&percentipan
slots. The wind-tunnel measurements of longitu~ stability showed
the

are
for

ssme trends as the flight data with the-flaps up or down.”

Stalling Characteristics

Time histories of stalls with the 80-percent-span slots on the wing
shown in figure 3&(a) for the flaps-p condition and in figure 35(a)
the flaps+iown condition. Photographs of tufts on the wing at

various tbs during the stell ere sh~ in figun% 34(b) and ~5(b).
These tuft pictures were taken with cameras mounted above the cano~
and show the outboard 80 percent of the sweptlack wing panels. The
white lines on the wing are located at intervals of 20 percent of the “
sem.ispanof the sweptback wing panels and sre parallel to the atiplane
center line. Csmeras were also mounted on the tail to photgraph tufts
on the inboard pert of the wing. These pictures are not shown, but the
results obtained will be discussed.

Angle+f+ttack measurements ere not shown on the time histories
when appreciable rollhg, yawing, or pitching motions ae preqent
because the angle of attack does not define the flow for such unsteady
conditions.

The pilot considered the sta~ characteristics of the airplane
with 80-percent+pan slots good”with flaps up or down. With the flaps up
the airplane oscillated about ell three axes at the stall. The rolling

1

. -. ---- .,.: ,“. . . .
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and yawing motions were mild
leading to successive sttis

‘butthe pitching
under increasing

increased in amplitude
accelerations. b the

I-1

flaps+hwn condition, the stick–fixed stability became neutral.about
5 miles per hour above the stall and the airplane exhibited a tendency
to pitch into the stall. The airplane beceme latersJJy unsteady about
3 miles per hour above the stall and at the stall an oscillation in
roll, pitch, and yaw developed. The oscillation in roll was more
pronounced with the flaps down than with the flaps up end, agati, the
pitch oscillation built up in amplitude. Attitude changes following
the stall were not large or abrupt and recovery could be made easily.

The tuft pictures of figure 34(b) and the pictures of the tufts
at the wing root showed that with the flaps up stall@ first occurred
over the reer part of the wing root. Same of the tufts behind the
juncture of the inboard end of the slot and the w3ng elso showed some
~teadiness. As the angle of attack was increased, that part of the

- wing not spanned by the slot became completely stalled, but the
slotted part of the wing remained almost completely unstalled at all
tms . The stall patterns with the flaps deflected (fig. 35(b)) were
very stiler to those with the flaps up except that the wing ftist
stalled over the reer pert of the whg leMnd the juncture of the
fioerd end of the slot with the wing instead of at the wing root.

Stalb were also made when the ventral-fin efiension was off the
atiplane. Time histories of stalls with the ve@ral-f in extension off and
the flaps up and down ere shown ti figures 36 and 37, respectively. The
stalling characteristicstith the reduced directional.stability resulting
from removal of the ventral-fin extension were still good but somewhat
less destiable than with tlm ventrel-fin etiension on %ecause the
oscillations which occurred at the stall increased h amplitude nmch
more rapidly.

Lift Characteristics

I

.

The variation of normal-force coefficient with engle of attack
of the thrust axis as measured in flight with the 8&percent-span slots
on the wing is shown h figure 38. Wind-tunnel data ere also included
in figure 38 for cqison with the flight results. These wind-tunnel
data ere for trimed conditions. The flight maximum normal-force coeffi-
cients presented are those attained before any appreciable uncontrolled-for
motions due to stalling occurred.’ In the flaps+zp condition, higher
normal-force coefficients were reached titer uncontrolled-formotions
had occurred (see fig. ~(a)) but these normal-force coefficients were
not considered usable. The flight and wind-tunnel results for”the flaps-
down condition are not directly comparable because in the wind-dmnnel
tests the flap deflection waE 45° and in flight the flap deflection
was appro-tely 40°.

In the flaps+p condition at moderate and low angles of attack of
the thrust axis, the agreement between the flight sad tunnel measurements

-—-——— -——— . .. . . . ~.. — . ..— ——. ___
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is excellent. At angles of attack greater than 10°, the slope of the
flight curve is somewhat smeller then the slope of the tunnel cmve. The
muxdmum normal-force coefficients are approximately the same but in
flight the maximum normal-force coefficient occurred at an angle of attack
approdnately 2° higher than in the wind tunnel.

In the flaps-down condition, the slopes of the flight and tunnel
cmves ere approximately the same _butthe curves are displaced. A pert
of the displacement of the curves can be attrihzted to the greater flap
deflection used in the tunnel tests. The maximum normal-force coeffi–
cien%s sre again practically the same but the flight value occurred at
an angle of attack of the thrust axis appro-tely 4° higher than the
wind-tunnel value.

The flight values of mxdmmn normal-force coefficient C
%lax ‘or

the flap~p and flaps+lown condition without slots and with 4&percen&
span slots (obtained from reference 2) and with 80-yercent-span slots
are as follows:

slots
(percent span) I Flaps I %-

4:
80

4:
80

up
up
up

Down

1.20
1o11
1.19
1.51
1.29
1.42

With the fl-apsUp the maximum normal-force coefficient for the al@ane
without slots and with 80-percentipan slots have about the same value, 1.20.
With the flaps down and without slots the maxhum normal-force coeffi–
cient of 1.51 is 0.09 higher than for-the 8Gperce*pan slots. &
previously mentioned the juncture of the inboard end of the slot with
the wing caused premature separation which probably accounts for the
decre~e in C

% w~ch 0CCU7T
ed with the slots on the wing. An

increase h of 0.13 occurred when the slot span was increased

from 40 to 80 percent of the w3ng span with the fhps down.

CONCLUSIONS

The results of the investigation to detemnine the low-speed stab~ty,
control, and stalling characteristics of an airplane having a 35° swep~
back wing without slots and with slots along 80 percent of the span of
the sweptback wing panelk may be summarized as follows:

—---- . . .,.— —~———————— ———-——
.-.

,-.4 . . . ,.
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1. The dtiectionsl stabili~ of the a@Lane as measured in steady
sideslips by the vsriation of rudder angle with sideslip angle was
~ositive with or without slots and with the flaps up or down at dl
test speeds. A decrease in dh?ectional stability occurred with decrease
in speed. A part of the decrease in directional stability with speed
was due to the unstable yawing moments caused by the lerge aileron
deflections required for trim h steady sideskips at low speed.

2. Removing the ventral-fin etiension reduced the tlrectionsl ‘
stabili@ of the a&@ane with the largest reduction occurring at high
normal-force coefficients or low speed. The pilot considered the a&@ane
more difficult to fly with the reduced directional stability lecause in
maneuvers inadvertent sideslipphg occurred more easily and the sidesl.ip
angles reached were higher. At low speed where the dihedral effect was
high, Large lateral.trtm changes accompanied the changes in sideslip.

3. A large increase in ~dral effect occurred with increase in
normal-force coefficient. With the 80-percent+pan slots on the wing
and the flaps up, slight negative stick-fixed dihedral effect was present
below normal-force coefficients of approxhately 0.30 and negative stick–
free dihedral effect was present below nozmal-force coefficients of
appro-te~ 0.56. The pilot considered the negative Wedral more
objectionable than the high positive dihedral present at high normal.–
force coefficients. The negative dihedral was objectionable because in
rough & or h maneuvers involving c-s in sideslip the response
of the airplane was ill.ogicd.. The combination of high positive dihedral
present at low speed and negative dihedral present,at high speed was
particularly objectionable to the pilot lecause he could not become
accustomed to either condition.

4. The qyeement between the flight andwind-tumnelmeasurkmmts of
dihedral effect was good for the wing with the slots and fair for the
wing without the slots. The wind-tumnel data showed a lsrge ticrease
in dihedral effect with increase in Reynolds nm@er for the wing
without SIOtSO

5. Lateral and directional oscillations of the airplane were
satisfactorily clampedeven with the low directional stability present
when the ventrsl-fin extension was off. The pilot coda damp the
oscillations easily by applying coordinated rudder and aileron. -

6. Themsximzm values of wing-tip helix angle reached in rudder-
fixed aileron rolls were low. At lk8 miles pr hour with the fhps
up, an aileron deflection of 30° produced a maximum wing-tip helix ‘

‘ angle of 0.045 radian h a left roll and 0.048radian in arightroll.
For a given aileron deflection a marked decrease h msximum ~–tip
helix angle occurred with decrease in speed because of the increase
in dihedral.effect and the higher sideslip angles reached in rolls at
low speed. At 110 ties per hour with tRe flaps down, the I&@ dihedral
effect caused reversal of rolling velocity h left rolls.

— —-— .—.-— . ———..— .—.— ....— . —.—— —.—.— —.-— —-—------- -—- ——-
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7. The lon.gitudinel stability with the 8&percent+ pan slots on the
whg and the flaps up was Qigh throughout the speed range. With the flaps
down the longituctinalstability was high at moderate speeds, but a few
miles per hour above the stall the stability decreased and was neutral
down to the SW.

8. The stalling characteristics of the airplane were good with the
flaps up or down when the 80-percent-span slots were on the wing. The
atiplane oscillated about ell three axes at the steIl_. The attitude
changes of the airplane were small during these oscillations and
recovery from the stall could be made easily. With the ventral-fin
extension removed, the amplitude of the oscillations at the stall
increased rapidly.
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.

Engine. . : . . . . . . . . . . . . . •.*.**.***””~~~-l-m

Propeller:
Diameter,ft...... . . . . . . . ...=.. . . ..o. o*1O=375
IVumberofblades . . . . . . . . . . . . . ● ● . . . ● . ● ● ● ● . 3
~pel&mgeerratio . . . . . . . . . ● . . . . ● . . . = . 2.23

MnlUlslgosswelghb,lb ● ● . .: ● ● ● . ● ● ● ● . . ● ● . ● ● ● ● ● 87M

Wbg:
Span,ft . . . . . . ● ● ● . ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

33.6
Area,Oqft. . . . . . . . . . . . . . . . . . . . . . ● . ● ● w ●

250
Incidence(rootsection),tig . . . . . . . . . . ...0. . . . . 103
Mrfoil section(mrmalto L.E.)

Root. . . . . . . ● . . . . . . . ... . . . Wied 66,2x-116(a=o.6)
Tip . . . . . . . . . . . . . . . . . . . . Modified 66,2x+16 (a==.6)-

M9tm-ieroa.ymmlic chora, in.● ● ● ● =● ● ● .● .● ● ● ● ● ● ● ● “

LeadingedgeofM.A.C. (in.behindL.E.rootchord). . . . . . . .
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . ● ●

!@erratio . . . . . . . . . . . . . . . . . ● . . ● ● ● * w ● ●

Dihedral,deg. . . . ● . . . . . ● . ● ● ● ● ~a ● ● ● ● ● ● ● ● ●

sweepback(atqusrt~tid line),tig . . . . . . . . . . . . . .

Plainaealed wing flaps:
Totalarea,sqft. . . . . . . . . . . . . . . . . . . . . . ● ● ●

Span(alongbing eline,each),tic . . . . . . . . . . . . . ..s
Travel(noloadonsyste@, tag. . = . . . . . . . . . ● COO*”

Ai.lercn13:
Span (almngklngeline,each), in. . . . . . . . . . . . . *...
Area (bebindhinge_, each),sqft . . . . . . . . .i. . . . . .
Travel(nOlOadOn~St_), deg . . . . . . . . . . . . . . . . . .

Horizontaltail: -
Spm,in. . . . . ● ● ● . . . .= ● ● ●

Totalerea,sqft. . . . . . . . . . . .
Stabilizererea,Bqfi . . . ...”...
Totalelevatorarea,sqft . . . . . . .
Elevatorerea (behindhingeline),sqft
DistancefromelevatorhingeMne to L.E.
Elevator travel (no load on syst~), deg

upward. ● . . . ● . . ● . ● ● . ● ● ●

Wwm?’ard... . . ● ● * . . . ● ● ● ● ●

Vertical tail:
Height alcnghinge13ne, ln. . . . . .
Ftiarea (abovehorizontaltail),sqft
ToteJ.ventra&finarea,sq ft . . . . .
Tctalruddermea, sqft . . . . . . .
Rudderarea (behind.hinge line), sqfi
Distmce from rudder hinge line to L.E.
Ruddertravel(noloadon Sy*), ~g

● ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ●

. . . . . . .0..0. ●

. ..0.. ● ...0. .

. . . . . . ..*..* ●

● ✎ ✎ ✎ ✎ ✎ ✎ ..0.. ●

of M.A.C.,in. . . . . .

. . . . . . ● ..0.. ●

. . . . . . ..0.0. ●

. ..0.. .0.0.0 ● =

. . ..0.. ● **O.* ●

.****.. ● O***.*

. . . . .,0 . . . . ● . . .

● ✎☛☛✎☛☛ ● ☛☛☛☛☛☛

of M.A.C.,in. . . . ● . .

-

93.6
39.3
4.2
1.84

0
35

12.52
77i;

105
6.51
fi7

175
46.53
33.7
12.83
9.56
2ti.9

35
15

78.87.
13.47
17.10
10.26
8.3
263
so
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IHgure l.- Three-view drawing of test airplme.
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Figure 2.- Photographoftestairplaneh flight.
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Figure 3.- Three -qwrtir rear view of test .91@ane with large Ven@fi @dOn. .
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Figure 4.- Section of slot and forwani part of wl.ng in plane normal to wing leading edge.
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St/ck-grippa.+iioh,m.from neu+rd

Figure 6.- Variationofelevatoranglewithstick-grippositio~ No loadon system.
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Figure 7.- Vartation of left and right aileron position with stick-grip Psltiow No load on system.
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Figure 8.- Variationofrudder anglewithright-rudder-pedalposition.No load
on system.
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(a) Vc = 114 miles per hour; CN = 1.08.
,

Figure 9.- Steadysideslipcharacteristicsoftestairplanewithoutslotson wing.
Flaps up; nose wheel up; engineidling.
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(b) Vc = 125 ties per hour; CN = O.W.

Figure 9.- Continued.
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(c) Vc = 140 miles per hour; CN = 0.73.

Figure 9.- Continued.
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(d) Vc = MN miles per hour; CN = 0.55.

F&ure 9.- Continued.”

, ——.—. ....——. ...—..—. —— ——.-. —.—. -. —. —.. — .—— —————



32 ‘

2C0

-/!?

20‘

/0
-0

m -f3- - y
1 1

w
/0

20

I 1 ! I I 1 I

30
yssy

84048/2
L2f?l &’&sh/o Qngh> G&g RlgA+

(e) Vc = 230 miles per hour; CN
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Figure 9.- Concluded.
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(a) Vc = 110 miles per hour; CN = 1.14.

Figure 10. - Steadysideslip characteri&cs of test airplane without slots on wing.
Flaps dowq nose wheel down; engine idling.
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(b) Vc = 13 miles per hour; CN = 0.82.

Figure 10. - ContiuW.
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~ Tofd aileron
❑ RuU’&
o Eleva+or

(c) Vc = 160 miles per hour; CN = 0@5.

Figure 10. - Concluded.
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4’ (a) Vc = 110 miles per hour; CN = 1.15.

Figure 11.- Steadysideslipcharacteristicsoftestairplanewith&l-percent-
span slotson wing. Flaps up;nose wheel up;engineidling.
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(b) Vc = 125 miles per hour; ,CN = 0.88.

F@re 11..-Continued.
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(c) Vc = 140 miles per hour; CN = 0.73.

Figure 11. - Continu@%

1

—.———— -



I?ACA~NO. 1743 39

T07W aileron
Rudder
Elevator

20

m

/0

o ‘

/0 /
o

20 ~

/28404)
.Lef+ Rlgh+

(51deslfpangle,cieg

(d) Vc = 155 miles per hour; CN

Figure 11. - Continued.

= 0.56.
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(e) Vc = ZOOmiles per hour; CN = 0.35.

Figure 11. - Continued.
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af/eron
Rudder
Elevator

(f) Vc = 235 miles per hour; CN = 0.25.

Figure 11.- Concluded.
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SIdeslIp ang~e, deg

(a) Vc = 100 miles per hour; CN = 1.38.

Figure 12. - Steady sideslip characteristics of test airplane with 80-percent-
span slots on wing. Flaps down; nose wheel down; engine idling.

,. .-—.. . . —=. - ..=.
,-”. “., -”.’, ; .. . . .



,

.

NACA TN NO. 1743 43

I

30
P/

20 /

I \ /

/0 ‘u /
T1

o —
o . + * \ ‘ \

/0 G‘

/ \
/

30 d y
/2 8 4 0,4 8 L2 16

Lef+ I?lgh+
S)deshp angle, deg

(b) Vc = 125 miles per hour; CN = 0.87.

Figure 12.- Continued.
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(c) Vc = 140 miles per hour; CN = 0.71.

Figure 12. - Continued.
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(d) Vc = 157miles per hour; GN = 0.56.

Figure 12. - Concluded.
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Figure 13. -
J

Variation of d6 d p with normal-force coefficient CN as measurd in steady sideslips.

Engine idling.
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Figure 14. -
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Variation of d8 dp with normal-force coefficient

Flaps UP; engine idling.

CN
as measured in steady sideslips.
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Flaps down; engine idling.



NACATN No. 1743 49

20

,. : Av. Vc=158/nph
~$? 10—

P

Av. CN=0,55
.

$
/-

0 s
u /

%+-q--
.

3
20

03200 f+-lb ro/ling momenf f o ~eff
@3200 ff-lb rolling momenf fo righf

I I I

H-i

12 8 4 0 4 8 /2 /6

LeF+ Sideslip angle, deg I%ghf

Figure 16. - Variation of aileron angle with sideslip angle in steady sideslips
with airplane asymmetrically loaded. No slots; flaps up; nose wheel up;

‘ engine idling.
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Flighf ~ R= 7X106 to /lX106

Wind +unDel, Reff=4. J79X106
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Figure 17.- Comparison of flight ahd wind-tunnel mea’&rements
eHect. No slots; flaps up; engine idling.
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Figure 18.- Comparison of flight and wind-tunnel measurements of dihedral
effect. 80-percent -span slots; flaps up; engine idling. -
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Figure 19.- Comparison of flight and wind-tunnel measurements of dihedral
effect. 80-percent-spin slots; flaps down; engine idling.
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F@re 20. - Change in rolling-moment coefficient ACZ with change in total

aileron angle A~a. Engine idling.
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(a) Vc = Illmiles per hour; CN = 1.13.

Figure 21.- Steadysidesl.ipc~racteristicsoftestairplanewith80-percent-
span slots.Ventral-finextensionoff;flapsup;nose wheel up;engine
idling.
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(b) Vc = 120 miles per hour; CN = 1.00 ‘

Figure 21.- Continued.
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(c) Vc = 137ties per how; CN =0.75.

Figure 21. - Continued.
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(d) Vc = 200 miles per hour; CN = 0.36.

Figure 21. - Concluded.
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(a) Vc = 100nriles per how; CN= 1.37.

Figure 22. - Steady sideslip characteristics of test airplane with 80-percent-
span slots. Ventral-fin extension off; flaps down; nose wheel down;
engine idling.
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(b) Vc = 110 miles per hour; CN = 1.14.

Figure 22. - Continued.

. —..—.—.- —.——r. -—..-— -—. — —.———— .— —— -.. .--.-— .—,. .——-— —.. . ...,



60 NAC!ATN IJO. 1743
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(c) Vc = 120miles per hour; CN = 0.84.

Figure 22. - Continued.
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(d) Vc = I&l miles per hour; CN = 0.55.

Figure 22. - Concluded.
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Figure 23. -
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Variation of d6 dp with normal-force
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(a) Pilot’did notattempt to damp oscillation.

Figure 24. - Time hisJory of oscillation resulting from abrupt deflection and
release of rudder. Control stick free; ventral-fin extension off; 80-percent-
,span slots; flaps up; nose wheel up; engine idling.
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lime, .sec

(b) Pilotapplied coordinated rudder and aileron”to damp

F@re24.- Concluded.

oscillatioIL
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(a) Pilot did not attempt to damp oscillation

Figure 25. - Time history of oscillation resulting from abrupt deflection and
release of rudder. Pilot attempted to hold control stick fixed; ventral-fin
extension off;. 80-percent -span slots; flaps down; nose wheel down;
engine idllng. ,
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(b) Pilot

10

0

/0 n

Time, St?C

appliedcoordinatedrudderand aileronto

Figure 25.- Concluded.

damp oscillation.

:. -.. . ..---- ,, -,.



IVACA~ NO. 1743

/0

}‘
o k. __ L_ __ .– –-

~E/evu+or- —
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fime, sec
F?igM rw’der kick

lime, sec
Le~t rudder kich

Figure 26. - Time histories of right and left rudder kicks. Control stick
60-percent-span slots; flaps up; nose wheel up; engine idling.
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Figure 27’,- Variation of maximum Pb@V withchangeintotalaUeron angleinrudder+lxed aileron
rolls,60-percent-spanslots;engineidling,
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Figure 28. - Time histofies of left and right aileron rolls with rudder fixed.
Vc = 110 miles per hour; 80-percent-span slots; flaps down; nose wheel

down; engine idling.
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Figure 29. - Reductlon in pb/2V due to dihedral effect in rudder-fimi aileron rolls. Vc = 110miles
per hour; 80-percent-span slots; flaps down; nose wheel down; engine idling.
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Figure 3).- Staticlongitudinalstabilitycharacteristicsoftestairplanewith
60-percent-spanslots on wing. Flaps up; nose wheel up; eigine idling;
center of gravity at 26.6 percent mean aerodynamic chord.
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F@ure 31. - S~tic longitudinal stability characteristics of test airplane with
80-percent-span slots on wing. Flaps down; nose wheel down; engine
idling; center of gravi~ at 27.1 percent mean aerodynamic chord.
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Normd-f’orce coef fkienfi CN

Figure 32. - Variation of elevator angle required for trim with normal-foqe
coefficient for test airplane with ~-percent-span slots on wing. Engine
idling. .
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Figure 33.- Variationofelevatorstickforcedividedby impact pressure
withnormal-forcecoefficientfortestairplanewith80-percent-sp
slotson wing. Engine idling.
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(a) ‘llhnehistory.

Figure 34.- Stallfor test airplane with’ 80-percent-span slots on wing. Flaps
up; nose wheel up; engine idllng; center of gravity at 26.9 percent mean
aerodynamic chord.
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Left wing

77

Right wing
.-. —

25.0 see, CN =1.13, a= 19.2°

35.0 see, c~= 1.
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41.0 see, C~=l.16,. a=21.0°
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47’. () SeC, CN = 1.33

(b) Tuftpictures.

Figure 34. - Concluded.
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. (a) Time history. T

Figure 35.- Stall for test airplane with 80-percent-span slots on wing. Flaps
down; nose wheel down; engine idling; center of gravity at 27.1 percent mean
aerodynamic chord.
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55.2 sect CN
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60.5 see,

= 134, a =20.7°

= 1.40, a= 23.4°
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=1.44, (2= 25.4°

(b) Tuftpictures.

Figure 35.- Concluded.
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Figure 36. - Time histbry of stall for test airplame witi 80-percent-span
slots on wing. Ventral-fin extension off; flaps up; nose wheel up;
engine idling; center of gravity at 27.1 percent mean aerodynamic chord.

-—— .—. ..— —— -. .— —— —z —..



84 NACA ~ NO. 1743

fime, 5ec

Rigure 37. - Time history of stall for test ahpl.me with 80-percent-span
slots on wing. Ventral-fin extension off; flaps down; nose wheel down;
engine idling; center of gravi~ at 27.1 percent mean aerodynamic chord.
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Figure 38. - Variation of normal-force coefficient with angle of attack of
thrust axis for test airplane with 80 ‘percent-span slots on wing. Engine
idling. . .
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